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Water  transport  through  gas  diffusion  layer  of  proton  exchange  membrane  fuels  cells  is  investigated 
experimentally.  A  filtration  cell  is  designed  and  the  permeation  threshold  and  the  apparent  water  per¬ 
meability  of  several  carbon  papers  are  investigated.  Similar  carbon  paper  with  different  thicknesses  and 
different  Teflon  loadings  are  tested  to  study  the  effects  of  geometrical  and  surface  properties  on  the 
water  transport.  Permeation  threshold  increases  with  both  GDL  thickness  and  Teflon  loading.  In  addi¬ 
tion,  a  hysteresis  effect  exists  in  GDLs  and  the  permeation  threshold  reduces  as  the  samples  are  retested. 
Moreover,  several  compressed  GDLs  are  tested  and  the  results  show  that  compression  does  not  affect 
the  breakthrough  pressure  significantly.  The  measured  values  of  apparent  permeability  indicate  that  the 
majority  of  pores  in  GDLs  are  not  filled  with  water  and  the  reactant  access  to  the  catalyst  layer  is  not 
hindered. 

©  201 1  Elsevier  B.V.  All  rights  reserved. 


1.  Introduction 

Polymer  membrane  electrode  fuel  cells  (PEMFCs)  have  emerged 
as  promising  power  sources  in  automotive,  electronic,  portables, 
and  stationary  applications  [1  ].  PEMFCs  complete  an  electrochem¬ 
ical  reaction  and  combine  hydrogen  with  oxygen  to  produce  water, 
releasing  heat  and  electricity  which  can  be  used  for  a  variety  of 
applications  [2].  To  have  a  continuous  power  generation,  reactants 
should  reach  the  catalyst  layer  while  water  is  removed,  simulta¬ 
neously.  Numerous  studies  in  the  past  decade  have  been  devoted 
to  the  investigation  of  transport  phenomena  in  PEMFCs  aiming 
to  improve  the  overall  cell  performance,  reliability,  and  durability 
[3-9].  In  spite  of  these  extensive  studies,  water  transport  in  gas  dif¬ 
fusion  layer  (GDL)  has  remained  an  unresolved  issue.  Hydrophilic 
GDLs  will  lead  to  membrane  dehydration  and  blockage  of  the 
pores  and  as  a  result  hindering  of  reactant  access  to  catalyst  lay¬ 
ers  [10].  To  prevent  these  issues,  the  GDL  is  commonly  treated 
with  polytetrafluoroethylene  (PTFE).  However,  this  could  lead  to 
water  flooding  especially  in  high  power  densities;  flooding  is  a 
result  of  continuous  generation  of  water  in  the  cathode  side  and 
the  hydrophobicity  of  the  GDL  which  avoids  water  permeation. 
Therefore,  an  in-depth  knowledge  of  the  onset  of  water  perme¬ 
ation  and  the  apparent  water  permeability  of  GDLs  is  valuable  and 
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help  researchers  to  design  modified  GDLs  for  a  more  efficient  water 
management. 

Effects  of  PTFE  content,  GDL  thickness,  and  existence  of  micro- 
porous  layers  on  the  overall  cell  performance  are  investigated 
extensively  in  the  literature,  see  for  example  [10-15].  However, 
several  parameters  are  involved  in  the  performance  of  an  actual 
fuel  cell;  this  prevents  clear  understanding  of  the  effect  of  water 
transport  through  GDL  on  the  overall  cell  performance.  Dai  et  al. 
[16]  investigated  the  effects  of  PTFE  content  on  the  liquid  and 
vapor  water  transport  through  GDLs  subjected  to  various  reac¬ 
tant  humidities  and  temperatures.  They  found  out  that  the  flooding 
problem  was  also  affected  by  the  air  stream  properties  and  temper¬ 
ature. 

Hydrophobicity  prevents  water  transport  through  dry  GDL.  The 
accumulated  water  will  then  be  absorbed  into  the  membrane  caus¬ 
ing  the  membrane  to  swell.  The  swelled  membrane  pressurizes  the 
GDL  until  the  breakthrough  pressure  is  achieved  where  water  will 
be  pushed  through  the  GDL  pores.  Benziger  et  al.  [17]  were  among 
the  first  groups  who  directly  measured  the  permeation  proper¬ 
ties  of  GDLs.  They  investigated  the  effect  of  PTFE  loading  on  the 
permeation  threshold  and  apparent  permeability.  They  mentioned 
that  water  permeates  through  the  largest  pores  of  the  GDL.  In  a 
similar  work  Chou  et  al.  [18]  measured  the  permeation  threshold 
and  the  permeability  of  a  carbon  cloth  with  different  Teflon  coat¬ 
ings.  However,  the  observed  trends  in  Chou  et  al.’s  [18]  experiment 
were  different  from  the  results  reported  by  Benziger  et  al.  [17]. 
Chou  et  al.  [18]  related  the  water  permeation  properties  to  pore 
size  distribution  of  GDL  rather  than  surface  behavior  properties  of 
the  fibers. 
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Nomenclature 

A  GDL  area  (m) 

d  Pore  diameter  (m) 

GDL  Gas  diffusion  layer 

I<  Viscous  permeability  (m2) 

P  Hydrostatic  pressure  (Pa) 

Pc  Breakthrough  pressure  (Pa) 

Pc(0)  Breakthrough  pressure  for  non  PTFE-treated  GDL 

(Pa) 

Pel  Breakthrough  pressure  for  an  initially  dry  GDL  (Pa) 
Pc  2  Breakthrough  pressure  for  a  dried  GDL  (Pa) 

Pth  Threshold  pressure  for  a  pore  (Pa) 

PTFE  Polytetrafluoroethylene 

Q.  Volumetric  flow  rate  (m3  s-1 ) 

w  PTFE  content  in  percentage 

Greek  symbols 

y  Surface  tension  (Nnrr1) 

li  Fluid  viscosity  (N  s  nrr2 ) 

0  Contact  angle 


Our  literature  review  revealed  that  the  experimental  studies  on 
water  permeation  through  commercial  GDLs  have  mostly  focused 
on  the  effects  of  PTFE  contents  and  hydrophobicity  and  less  atten¬ 
tion  has  been  paid  to  the  effects  of  geometrical  parameters  such  as 
GDL’s  thickness  and  porosity/compression.  As  such,  the  objectives 
of  the  present  study  are  to: 

•  Investigate  the  effects  of  GDL’s  geometrical  parameters  such  as 
thickness  and  porosity/compression  on  water  permeation. 

•  Study  the  potential  hysteresis  effect  on  the  permeation  threshold. 

•  Measure  the  apparent  water  permeability  of  GDL  to  evaluate  the 
importance  of  pore  geometry  and  fiber  surface  behavior  on  the 
water  transport  properties. 

A  filtration  cell  is  designed  and  several  compressed  and  uncom¬ 
pressed  Toray  carbon  papers  of  various  thicknesses  and  PTFE 
contents  are  tested.  In  addition,  to  investigate  the  importance 
of  GDL  hydrophobicity  on  the  apparent  permeability,  permeation 
tests  are  also  repeated  using  a  vegetable  oil. 

2.  Experimental  approach 

The  tested  GDLs  were  purchased  from  Toray  as  Teflon  treated 
carbon  papers  with  different  thicknesses.  As  a  result  of  their  sim¬ 
ilar  production  procedure,  despite  the  different  thicknesses,  TGP 
60, 90,  and  120  have  a  similar  microstructure.  TGP  60  was  obtained 
with  0,  5,  and  20%  PTFE  loading  while  the  rest  of  the  samples  have 
a  5%  PTFE  content.  Fig.  1  shows  a  SEM  image  of  TGP  90.  The  car¬ 
bon  papers  were  cut  into  circular  samples  of  2  cm  diameter  for  the 
experiments. 

In  real  PEM  fuel  cell  operation,  the  compression  on  the  GDL  is 
not  uniform.  The  areas  under  the  bipolar  plates’  ribs  are  under  pres¬ 
sure  while  the  strips  under  the  gas  channels  are  not  compressed. 
To  cover  both  cases,  in  this  study  the  breakthrough  pressure  has 
been  investigated  for  both  un-compressed  and  compressed  sam¬ 
ples.  To  investigate  the  compression  effects,  GDL  samples  were 
compressed  using  a  hydraulic  system  for  20  min  and  then  their 
new  thickness  was  measured.  Our  thickness  measurements  did  not 
show  any  change  after  the  compression  load  was  released.  There¬ 
fore,  one  can  conclude  that  the  deformations  were  predominantly 
plastic.  As  a  result,  conducting  the  experiments  in  situ  would  not 
considerably  change  the  results  observed. 


Fig.  1.  A  SEM  image  of  TGP  90  with  5%  PTFE  content. 


Table  1 

Physical  properties  of  different  TGP  carbon  papers  used  in  the  present  study;  geo¬ 
metric  properties  provided  by  manufacturer,  air  permeability  reported  by  others 
[4,6]. 


GDL 

Thickness 

(pan) 

Porosity 

Air  permeability  (m2) 

Bulk  density 

(gem-3) 

TGP  60 

190 

0.78 

- 

0.44 

TGP  90 

280 

0.78 

8.9  xl0“12  [4] 

0.45 

TGP  120 

370 

0.78 

8.7  xl0“12  [6] 

0.45 

The  properties  of  the  tested  materials  are  summarized  in  Table  1 . 
Distilled  water  was  used  as  the  working  fluid  in  the  majority  of  the 
tests.  In  addition,  TGP  1 20  was  tested  using  a  vegetable  oil  of  density 
and  viscosity  of  908  kg  nrr3  and  0.071  N  s  m-2,  respectively. 

A  custom-built  pressurized  membrane  filtration  cell  was  used 
for  measuring  the  water  permeation  properties,  as  shown  in  Fig.  2. 
The  cell  was  made  up  of  an  acrylic  tube  of  1 .25  cm  diameter  and  1  m 
height.  The  samples  were  sandwiched  between  two  acrylic  flanges 
and  the  circular  opening  area  of  the  cell  on  top  of  the  sample  was 
1  cm  in  diameter.  A  syringe  pump  (Harvard  Apparatus,  QC,  Canada) 


Fig.  2.  Schematic  representation  of  the  designed  test  setup. 
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Water 


GDL  thickness 


Fig.  3.  Geometrical  model  representing  water  transport  through  GDL 


was  feeding  the  system  with  a  controlled  flow  rate  with  0.5%  accu¬ 
racy.  For  testing  the  permeation  threshold,  water  was  fed  with  the 
flow  rate  of  2  ml  min-1.  The  water  column  on  top  of  the  GDL  was 
associated  with  the  applied  hydrostatic  pressure.  The  onset  of  the 
permeation  threshold  was  considered  as  the  pressure  that  led  to 
water  flow  commenced,  Pcl .  Since  water  is  generated  constantly  in 
operating  fuels  cells,  the  flow  rate  was  kept  constant  and  the  max¬ 
imum  height  representing  the  maximum  pressure  was  recorded. 
The  tested  GDL  was  then  removed  and  dried  using  a  heater  for  4  h 
to  make  sure  that  all  the  water  was  dried.  The  drying  tempera¬ 
ture  was  kept  below  70  °C  to  minimize  the  possibility  of  Teflon 
flowing  that  might  affect  the  microstructure  [17].  Then,  the  dried 
samples  were  tested  again  using  the  filtration  cell  and  the  new 
permeation  thresholds,  Pc2,  were  determined.  To  investigate  the 
hysteresis  effect  on  the  permeation  threshold  the  same  approach 
was  repeated  several  times.  In  addition,  few  compressed  samples 
were  also  tested  and  the  first  and  second  trial  breakthrough  pres¬ 
sures  were  determined. 

To  calculate  the  apparent  permeability,  the  water  level  was  kept 
constant  using  the  syringe  pump  and  the  flow  rate  passing  the 
sample  was  measured.  The  bulk  flow  was  calculated  using  a  pre¬ 
cision  scale  by  weighting  the  collected  test  fluid  over  a  set  period 
of  time.  Moreover,  to  investigate  the  saturation  of  GDLs,  a  similar 
experiment  was  carried  out  using  the  vegetable  oil. 

3.  Water  permeation  analysis 

Following  [  1 9-22  ]  GDL  can  be  modeled  as  a  network  of  pore  con¬ 
nected  by  throats  together.  The  fluids  (air  and  water)  are  stored  in 
the  pores,  while  the  volume  occupied  by  throats  is  zero.  The  water 
transport  resistance  is  associated  with  the  throats  and  pores  do  not 
apply  any  resistance  against  the  flow  [23].  A  schematic  representa¬ 
tion  of  such  a  two-dimensional  network  with  each  pore  connected 
to  four  throats  and  a  diagram  of  water  penetration  through  GDL  is 
depicted  in  Fig.  3.  In  this  model,  the  pores  are  non-uniformly  dis¬ 
tributed.  As  a  result,  water  travels  a  tortuous  path  through  a  limited 
number  of  pores,  see  Fig.  3.  The  breakthrough  pressure  for  a  pore 
of  diameter  d  is  related  to  the  minimum  distance  of  the  fibers  and 


can  be  described  by  the  Young  and  Laplace  relationship  [24]: 


-Pth 


4 y  cos  0 
d 


(1) 


where  y  is  the  surface  tension  of  water,  0  is  the  contact  angle 
of  water  with  the  pore  surface.  Water  cannot  penetrate  the  pore 
unless  the  applied  pressure  is  larger  than  Pth.  Once  water  com¬ 
mences  to  flow,  the  volumetric  flow  rate  passing  GDL  is  related  to 
the  applied  pressure,  pore  size  distribution,  and  the  medium  satu¬ 
ration.  Apparent  permeability,  K,  can  be  used  as  a  measure  for  the 
ability  of  the  porous  GDL  to  pass  water  [25]: 


P  =  ^Q 
8  I<  A 


(2) 


where  pt  is  the  fluid  viscosity,  A  is  the  GDL  area,  8  is  the  GDL  thick¬ 
ness,  P  is  the  applied  hydrostatic  pressure  which  is  related  to  the 
height  of  water  column  in  the  permeation  cell,  Q.  is  the  volumetric 
flow  rate  of  water,  and  I<  is  the  permeability  which  can  be  inter¬ 
preted  as  the  flow  conductance  of  GDLs  [26]. 


4.  Results  and  discussion 

4.1.  Permeation  threshold  (breakthrough  pressure) 

To  determine  the  permeation  breakthrough  pressure,  water  was 
added  slowly,  2  ml  min-1 ,  to  minimize  the  flow  induced  vibration. 
Once  the  water  column  height  reached  the  threshold,  water  started 
to  flow  from  the  sample.  The  pressure  values  associated  with  this 
height  are  reported  in  Table  2. 

The  reported  data  in  Table  2  are  the  average  values  for  at  least 
3  different  samples  from  the  same  carbon  paper  sheet.  It  was 
observed  that  when  the  water  supply  was  disconnected,  the  water 
flow  continued  until  almost  the  entire  water  column  was  drained. 
Moreover,  it  was  observed  that  in  a  constant  pressure  head,  the 
flow  rate  increased  by  time  till  a  steady  condition  was  reached.  In  an 
actual  fuel  cell,  water  is  produced  constantly.  As  such,  in  this  experi¬ 
ment  the  flow  rate  of  2  ml  min-1  was  maintained  and  the  maximum 
pressure,  Pmax,  was  recorded.  To  investigate  any  hysteresis  effects, 
the  tested  samples  were  dried  as  described  previously.  The  same 
experiment  is  then  repeated  on  the  dried  GDLs,  the  average  values 
of  the  permeation  threshold  are  listed  in  Table  2. 

The  measured  values  for  the  permeation  threshold  are  plot¬ 
ted  as  a  function  of  GDL  thickness  in  Fig.  4.  It  can  be  seen  that 
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The  measured  values  for  critical  pressures  and  the  maximum  pressure. 
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GDL 

8  (|jim) 

Pci  (dry 

GDL) 

Pmax  (dry 

GDL) 

Pc 2  (dried 

GDL) 

PTFE 

loading  (%) 

Remarks 

TGP  60 

190 

4527.1 

4854.0 

2157.3 

20 

Uncompressed 

TGP  60 

190 

3415.8 

3759.0 

1879.5 

5 

Uncompressed 

TGP  60 

190 

3407.6 

3726.3 

1716.1 

0 

Uncompressed 

TGP  90 

280 

3783.5 

4113.1 

1917.6 

5 

Uncompressed 

TGP  120 

370 

5197.2 

5491.4 

3236.0 

5 

Uncompressed 

TGP  120 

350 

4952.0 

5197.2 

- 

5 

Compressed 

TGP  120 

320 

5001.1 

5393.3 

3137.9 

5 

Compressed 

thinner  GDLs  pass  water  at  a  lower  pressure,  as  expected.  The  sam¬ 
ples  with  5%  PTFE  loading  were  dried  several  times  and  retested 
using  the  pressurized  membrane  test  setup.  The  relative  reduc¬ 
tion  in  the  permeation  threshold  in  the  first  and  the  second 
trials,  (Pc 2  -  Pci  )/Pc i  ,  for  all  of  the  samples  was  almost  similar. 
Interestingly,  the  number  of  trials  for  drying  and  testing  more 
than  twice  did  not  affect  our  results  significantly  and  the  hys¬ 
teresis  effect  was  more  pronounced  in  the  first  two  trials.  The 
reason  for  this  hysteresis  is  not  clearly  known.  However,  based 
on  previous  studies,  surface  degradation,  microstructural  defor¬ 
mation,  and  existence  of  nano-size  water  droplets  are  the  main 
reasons  for  changes  in  the  water  permeation  properties  of  GDL 
[17]. 

Both  Chou  et  al.  [18]  and  Benziger  et  al.  [17]  modeled 
GDL  as  a  single  layer  of  parallel  microchannels  with  different 
diameters.  As  such,  they  argued  that  the  water  transport  prop¬ 
erties  are  influenced  by  the  dimensions  of  the  channel  with 
the  maximum  diameter.  Based  on  their  model  and  using  our 
experimental  results  for  the  breakthrough  pressure,  it  can  be 
concluded  that  the  maximum  pore  diameter  is  reduced  by  increas¬ 
ing  the  GDL  thickness.  However,  all  the  GDLs  tested  here  have 
the  same  production  procedure  and  it  is  expected  to  have  sim¬ 
ilar  microstructure.  It  should  be  noted  that  air  permeability  is 
the  property  that  should  be  used  to  comment  on  the  porous 
medium  microstructure.  The  air  permeability  values,  listed  in 
Table  1,  confirm  the  similarity  of  the  microstructures.  As  a  result, 
the  multi  layer  geometrical  model  shown  in  Fig.  3  is  more  real¬ 
istic.  In  this  model,  the  length  of  the  GDL  affects  the  number 
of  layers;  thus,  the  breakthrough  pressure  can  vary  with  GDL 
thickness. 

To  investigate  the  effect  of  PTFE  coating  on  the  breakthrough 
pressure,  the  present  data  for  TGP  60  and  the  experimental  data 
of  Benziger  et  al.  [17]  for  TGP  120  are  plotted  in  Fig.  5.  It  can  be 
seen  that  there  is  a  direct  relation  between  the  onsets  of  water  per¬ 
meation  and  the  PTFE  loading.  However,  the  flow  threshold  is  not 
affected  significantly  both  at  low  values  of  PTFE  content,  i.e.,  5% 
Teflon  coating  and  above  40%  PTFE  loading.  Fig.  5,  also  indicates 
that  for  higher  PTFE  loadings,  the  relative  drop  in  the  breakthrough 
pressure  drop  for  dried  GDLs  is  larger.  This  shows  that  the  surface 
PTFE  coating  was  degraded  by  water  flow  and  affected  the  water 
transport  in  GDL.  In  Fig.  6,  the  ratio  between  break  through  pres¬ 
sures  at  various  PTFE  contents,  Pc,  to  that  of  the  samples  without 
PTFE  treatment,  Pc(0),  is  plotted  for  the  present  experimental  data 
and  the  results  reported  by  Benziger  et  al.  [17].  It  can  be  seen  that 
both  experiments  follow  similar  trends  which  can  be  described  by 
the  following  correlation: 

Jf-  =  0.38  (3.62  -  e-°105w)  (3) 

where  w  is  the  PTFE  content  in  percentage. 

The  data  reported  in  Table  2  for  compressed  GDLs  did  not  show 
a  significant  variation  in  the  permeation  threshold.  Although  com- 


Fig.5.  Effect  of  PTFE  loading  on  the  breakthrough  pressure  in  the  present  study  and 
the  data  reported  by  Benziger  et  al.  [17]. 


Fig.  6.  The  ratio  between  breakthrough  pressures  at  various  PTFE  contents  to  that  of 
the  samples  without  PTFE  treatment,  Pc/Pc(0)  is  plotted  for  the  present  experimental 
data  and  the  results  reported  by  Benziger  et  al.  [17]. 


pression  reduces  the  average  pore  size  of  GDL,  it  also  reduces  the 
distance  that  water  should  penetrate  and  also  can  cause  fiber  frac¬ 
ture  resulting  in  the  occurrence  of  local  hydrophilic  spots.  As  such, 
the  observed  trend  is  reasonable. 
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Fig.  7.  Apparent  permeability  of  5%  PTFE  loading  GDLs  with  different 
thicknesses. 

4.2.  Apparent  permeability 

To  further  investigate  the  effect  of  applied  pressure  drop  on 
the  water  transport  through  GDL,  the  apparent  permeability  of 
samples  of  wet  GDLs  were  tested.  Water  was  fed  with  a  con¬ 
trolled  flow  rate  to  the  filtration  cell  containing  a  wet  GDL  and 
the  steady  water  level  was  recorded  as  the  associated  pressure 
in  Eq.  (2).  The  effluent  flow  rate  was  also  measured  at  the  steady 
state  condition  to  ensure  that  the  inlet  and  outlet  flow  rates  of  the 
cell  are  identical.  The  flow  rate  was  then  used  for  calculating  the 
permeability. 

The  calculated  values  for  the  apparent  permeability  are  shown 
in  Fig.  7.  It  can  be  seen  that:  (i)  all  carbon  papers  have 
similar  apparent  permeability,  (ii)  their  permeability  is  not  a 
function  of  their  thicknesses.  This  is  in  agreement  with  the 
observed  trend  for  the  air  permeability  of  the  samples  reported 
by  others  [4,6].  More  importantly,  the  results  showed  a  direct 
relationship  between  the  applied  pressure  and  the  resulting 
apparent  permeability.  This  was  caused  by  the  fact  that  as 
the  applied  pressure  was  increased  more  of  pores  were  filled 
with  water  resulting  in  a  lower  resistance  towards  water  trans¬ 
port. 

An  ideal  GDL  should  permit  water  to  be  removed  from  the 
catalyst  layer  on  the  cathode  side  without  hindering  the  reac¬ 
tant  access  to  the  catalyst  layer.  Therefore,  a  limited  number  of 
pores  should  be  occupied  by  water,  i.e.,  GDL  should  have  low  water 
saturation.  A  comparison  between  water  permeability  and  perme¬ 
ability  of  a  more  wetting  liquid  such  as  the  vegetable  oil  can  be 
used  to  determine  if  the  wetting  fluid  could  permeate  through 
more  pores  than  water.  In  an  actual  fuel  cell  these  extra  pores 
will  allow  an  effective  reactant  transport.  As  such,  the  appar¬ 
ent  permeability  of  TGP  120  was  determined  using  a  vegetable 
oil. 

The  measured  values  of  permeability  were  an  order  of  mag¬ 
nitude  higher  than  water  permeability  and  still  lower  than  air 
permeability  (approximately  9xl0_12m2).  Therefore,  it  can  be 
concluded  that  only  a  limited  number  of  pores  were  occupied  by 
water  and  the  rest  of  the  pores  allowed  reactant  access  to  the  cata¬ 
lyst  layer,  i.e.,  GDLs  have  low  water  saturation.  This  is  in  agreement 
with  the  observations  of  Benziger  et  al.  [  1 7  ]  through  weighting  wet 
and  dry  GDLs. 


5.  Conclusions 

In  the  present  study,  a  permeation  cell  was  designed  and  the 
breakthrough  pressure  of  several  compressed  and  uncompressed 
Toray  carbon  papers  of  various  thicknesses  and  PTFE  contents  were 
determined.  The  same  test  procedure  was  repeated  several  times 
to  investigate  any  hysteresis  effects  on  the  permeation  thresh¬ 
old.  Moreover,  the  apparent  permeability  of  the  tested  samples 
was  measured.  In  addition,  to  investigate  the  importance  of  GDL 
hydrophobicity  on  the  apparent  permeability,  the  permeation  test 
was  repeated  using  a  vegetable  oil.  The  highlights  of  the  present 
study  can  be  listed  as: 

•  The  permeation  threshold  increased  with  thickness  and  PTFE 
content. 

•  There  was  a  significant  reduction  of  the  permeation  threshold 
after  the  first  repetition. 

•  The  apparent  permeability  was  not  a  function  of  GDL  thickness. 

•  The  GDL  hydrophobicity  had  a  significant  impact  on  apparent 
water  permeability. 

•  Moderate  compression  of  GDL  did  not  affect  the  permeation 
threshold  significantly. 

•  The  majority  of  pores  in  the  tested  GDLs  were  not  filled  with 
water  to  hinder  the  reactant  access  to  the  catalyst  layer. 

Based  on  our  experimental  results,  a  thinner  GDL  with  approxi¬ 
mately  20%  PTFE  loading  allows  water  transport  in  lower  pressures 
while  low  water  saturation  is  maintained.  This  can  improve  the 
fuel  cell  performance  especially  in  high  current  densities.  However, 
usually  other  considerations  such  as  degradation  and  mechani¬ 
cal  strength  should  be  considered  in  the  process  of  selecting  the 
thickness  of  GDL  in  PEMFCs. 
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